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Direct-conversion receiver system and method, especially a 
GPS receiver system with high pass filtering 

Background of the invention 

The invention relates generally to direct-conversion radio receivers and 
to methods in direct conversion, especially for phase modulated carrier 
signals transmitting digital information. The invention also relates to 
5 suppression of direct current (DC) offsets generated in receivers. 

In digital modulation, the modulating signal is digital, containing a bit 
stream of "Is" and "Os", and mixed in a modulator with a carrier signal 
for transmission. The basic modulation schemes are amplitude-shift 

10 keying (ASK), frequency-shift keying (FSK) and phase-shift keying 
(PSK). In PSK, the signals representing the states "1" and "0" have a 
difference in phase. In binary phase-shift keying (BPSK), the phase 
has two different states. In quadriphase-shift keying (QPSK) 
modulation, the phase has four different states. In digital modulation 

15 changes in the modulated signal waveform spread the power of the 
signal to a wide frequency range. The spectrum of the signal comprises 
usually a wide main lobe at a carrier frequency. The main lobe has 
smaller side lobes around it on a frequency scale. Before modulation, 
at a direct current (DC) or baseband, the spectrum is just one half of 

20 this and the carrier frequency represents a zero frequency (0 Hz). The 
lobes are separated by notches, i.e. null points situated at multiples of 
the data rate (including the multiple of 1), i.e. bit rate (bits per second), 
from the carrier frequency. 

25 Direct-conversion receivers, i.e. zero-IF receivers are known in the art. 
In a zero-IF receiver (IF, Intermediate frequency) received signals are 
mixed with an output of a down conversion oscillator to translate the 
received signal to the baseband. A down conversion oscillator is a local 
oscillator generating a signal on the carrier frequency. The phase- 

30 modulated input signal is split into two branches and the frequency of 
the local oscillator is mixed with the two branches (the other one with a 
90° difference in phase). The output mixed signal in a branch without 
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any phase shift is the in-phase signal (1), and the other one having a 
90" difference in phase is the quadrature signal (Q). Lowpass or 
complex filters are provided to remove undesired sum products caused 
by mixer nonlinearities from the mixing. I/Q signals are preamplified, if 
5 needed, and input to analog to digital converters (ADCs) for signal 
processing. A demodulated signal is calculated from the I and Q 
signals using a processor system (DSP, Digital signal processing). The 
I and Q signals also exhibit DC offsets. 

10 In direct-conversion receivers the pure carrier signal gives rise to a DC 
signal at the mixer output. Other undesired signals at the mixer input 
give rise to mixing products, the spectrum of which is located around 
the DC. Other sources of DC offsets include the synchronization of a 
local oscillator at a carrier frequency and the DC offsets in amplifiers 

15 and other circuit elements of the receiver due to temperature, aging, 
crosstalk, etc. The high gain of the baseband circuitry of the receiver 
amplifies DC offsets to the extent that the operating range of the 
circuitry is exceeded. Often the DC offset is compensated using a DC 
nulling circuitry that measures the offset before the reception and 

20 cancels it by means of a voltage that is charged into a large capacitor. 
High-level transmitters, interfering the reception of a signal of a lower 
level transmission signal, and starting or stopping their transmission 
during reception of a spread spectrum device change the DC offset 
and thus cause disfunctionality in the receiver. The DC offset 

25 compensation should be active during the actual spread-spectrum 
reception, which, on the other hand, results in a more complicated 
compensation circuitry. 

DC offset voltages have a large dynamic range when compared to a 
30 useful signal spectrum, resulting in amplifier saturation or problems 
with the ADC conversion. One method to block the DC offsets is to AC 
couple the output of the mixer with a large coupling capacitor for 
generating a narrow notch at a DC frequency. Large capacitors are 
used to facilitate the use of very low corner frequencies near the zero 
35 frequency. The portion of the modulated signal centered around the 
carrier frequency is also lost, wherein distortion is caused in the 
demodulation, since the DC notch frequencies contain information. 
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Large capacitors require high current drive capability consuming a lot 
of power and using a lot of space on printed circuit boards (PCBs). 

Summary of the Invention 

An object of the present invention is to provide a method in a direct- 
5 conversion receiver for processing received radio signals that are 
modulated and centered at a carrier frequency as set forth in the 
preamble of claim 1 . According to the claimed invention this objective 
is obtained by a method characterized in what is presented in the 
characterizing part of claim 1 . 

10 

Another object of the present invention is to provide a direct-conversion 
receiver for processing modulated radio signals that are centered at a 
carrier frequency as set forth in the preamble of claim 2. According to 
the claimed invention this objective is obtained by direct conversion 
15 receiver characterized in what is presented in the characterizing part of 
claim 2. 

Another object of the present invention is to provide a GPS direct 
conversion receiver for processing phase-modulated radio signals that 
20 are centered at a carrier frequency for receiving digital information as 
set forth in the preamble of claim 7. According to the claimed invention 
this objective is obtained by a GPS direct conversion receiver 
characterized in what is presented in the characterizing part of claim 7. 

25 Another object of the present invention is to provide a method for 
processing modulated radio signals that are centered at a carrier 
frequency in a direct conversion receiver as set forth in the preamble of 
claim 9. According to the claimed Invention this objective is obtained by 
a method characterized in what is presented in the characterizing part 

30 of claim 7. 

With the invention, considerable advantages are achieved. A portion of 
the modulated signal centered around the carrier frequency is 
preserved and information is not lost. The use of other than large 
35 capacitors is facilitated since a notch generated by the AC coupling is 
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situated at notches or null points of the signal spectrum. Consequently, 
lost modulation energy due AC coupling is considerably lower 
compared to the case when the AC coupling is at the center of a lobe 
of the spectrum. 

5 

In accordance with the present invention, a local oscillator used 
exhibits a frequency offset from the carrier frequency of the received 
signal. In prior art receivers, complicated control circuits were used to 
tune the frequency of the local oscillator as precisely as possible to the 

10 carrier frequency. In the present invention, a direct conversion receiver 
includes the AC coupling and the offset frequency is such that the 
frequency spectrum of the modulated signal is moved accordingly to 
align the DC notch at a spectrum notch, i.e. the frequency of the local 
oscillator equals with or is about a null point of the modulated signal 

15 spectrum, fluctuations and necessary, small differences permitting. 
Therefore, requirements for the AC coupling are easier to fulfil, the 
amount of lost energy and information is minimized and distortion of 
the modulated signal is reduced. 

20 One advantage of the present invention is that high pass filters (for 
example a first order filter comprising a capacitor in series and 
corresponding to the AC coupling) in I and Q branches of the receiver 
are filtering out energy from the offsets which do not contain any 
significant or any amount of modulation power The size of the 

25 capacitor is determined by a desired frequency crossover point 
(amount of power reduction vs. null frequency). The higher the value of 
the capacitor, the lower the high pass frequency will be. Reduction of 
power increases at frequencies lower than a filter comer frequency 
which equals to or is slightly higher than the null frequency. 

30 

In particular, the present invention is used in spread spectrum systems 
such as GPS (Global Positioning System) using CDMA techniques. 
CDMA (Code Division Multiple Access) is a known method of 
frequency reuse whereby many transmitters use the same frequency 
35 but each has a unique code. The transmitted signal is spread over a 
frequency band much wider than the minimum bandwidth needed to 
transmit the information being sent. In GPS this is done by modulating 
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with a pseudo random code. In GPS digital communication the 
transition time for individual bits is called chip rate, which for the GPS 
carrier is 1 .023 MHz. 

5 In the present invention, the local oscillator offset is set to multiples of 
1.023 MHz (first null at 1.023 Hz, second null at 2.046, etc.) equalling 
to the spectral nulls of a biphase-modulated signal. 

Brief Description of the Drawings 

In the following, the present invention will be described in more detail 
10 with reference to the appended drawings, in which 

Fig. 1 shows an example of modulated GPS signal spectrum shown on 
baseband frequency, and 

15 Fig. 2 shows a block diagram of a direct conversion receiver in 
accordance with the present invention. j 

Detailed Description of Embodiments 

Fig. 1 shows the most significant part of a modulated GPS signal 
spectrum at baseband frequency with a main lobe and side lobes, 

20 which all form the applicable sideband on both sides of the carrier 
frequency. The horizontal frequency scale is normalized to correspond 
the chip rate (inverse of the bit duration time) in order to show the 
signal going through null points periodically and the spectral notches 
(i.e. null points) at the multiples of the chip rate. The difference 

25 between the notches and the normalized zero frequency correspond to 
the frequency offset of the local oscillator (the offset frequency 
equalling to or being about the local oscillator frequency minus the 
carrier signal frequency). The DC notch caused by the AC coupling is 
also shown in broken line. The vertical power density scale in decibel 

30 (dB) is normalized to correspond to the main lobe. In the present 
invention, due to the offset frequency, the signal spectrum is moved 
right and a notch to the left from the main lobe is aligned with the 
center frequency. The receiver comprises bandpass or complex 
filtering in I and Q branches for further suppression of undesired mixing 
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products and adjacent channels. The complex filtering has 
nonsymmetrical response around zero frequency and they effect better 
noise bandwidth. 

5 Fig. 2 shows the essential parts of the direct conversion receiver (i.e. 
zero-IF receiver) 1 to the extent necessary for the understanding of the 
invention. A more detailed selection of components and subsystems 
based on this description is clear to a person skilled in the art. A means 
for receiving and splitting radio signals comprise, for example, an 

10 antenna 2, an amplifier 3, and a divider 4). The incoming radio signal 
(RF, Radio frequency), which is received using the antenna 2 and 
usually preamplified in the amplifier 3, is split into a first component and 
a second component (usually using the signal divider 4). The first 
component is fed to a first mixer means 5 in which the first signal part 

15 is mixed with a signal present at first output 6 of a local oscillator 7. As 
a result of this, an in-phase signal I is generated at the mixer 5 output. 
Undesired mixing products and also DC offsets are separated off in a 
filtering means formed by an AC coupling 8 and a first filter 9, for 
example. The filtered signal is fed to a signal amplifier 10 and after that 

20 to a first ADC-converter 1 1 . The signal is further fed to a processor 
system 12, containing other circuit assemblies and blocks, for 
demodulation and further processing. Usually the oscillator 7 is 
regulated, for example to select the offset frequency, by the processor 
.*•.: system 12. 

25 

• » 

The second component is fed to a second mixer means 13 in which the 
Y\ second signal part is mixed with a signal present at a second output 14 

- : of the local oscillator 7. The signal at the second output 14 is phase 

: -. : shifted 90° in relation to the signal at the first output 6. As a result of 

30 this, the quadrature signal Q is generated at the output of the mixer 13. 
Undesired mixing products and also DC offsets are separated off in an 
AC coupling 15 and a second filter 16. The filtered signal is fed to a 
signal amplifier 17 and after that to a second AD-converter 18. The 
'} \ signal is further fed to a processor system 1 2. 

/ i 35 

• > The direct conversion receiver forms a part of a receiver system 
•■" : dedicated, for example and specifically, to the GPS reception and 
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information processing. Further components of the GPS receiver are 
chosen according to desired specifications in a way known as such to a 
person skilled in the art. 



5 



The invention is not limited to the above-described examples or to the 
drawings showing examples of one embodiment, but can be varied 
within the scope of the appended claims. 
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Claims: 

1. A method in a direct conversion receiver for processing received 
radio signals that are modulated and centered at a carrier frequency, 

5 the modulation extending a sideband above and below the carrier 
frequency, the method comprising the steps of: 

- mixing a local oscillator frequency signal with said received radio 
signals for generating baseband frequency signals; 
10 - filtering out generated disturbing direct current (DC) components 
of said baseband signals centered at the zero frequency; 

characterised in that the method further comprises the steps 
of: 

15 - setting said local oscillator frequency signal equal to the carrier 
frequency plus an offset frequency, said offset frequency being 
equal to or about the difference between the carrier frequency 
and a null frequency, said null frequency centered at a notch of 
said sideband; and 

20 - centering said notch at the zero frequency of said baseband 
signals through mixing. 

2. A direct conversion receiver for processing modulated radio signals 
that are centered at a carrier frequency, the modulation extending a 

25 sideband above and below said carrier frequency, the receiver 
comprising: 

- a means for receiving and splitting said signals, said means 
having a first signal output and a second signal output; 
30 - a local oscillator means tuned to a. local oscillator frequency and 
having a first frequency output and a second frequency output, 
said second frequency output having a phase shift compared 
with said first output; 
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- a first mixer means coupled to said first signal output and first 
frequency output for generating baseband frequency jn-phase 
signals; 

- a second mixer means coupled to said second signal output and 
5 second frequency output for generating baseband frequency 

quadrature phase signals; 

- a first filtering means for the suppression of said in-phase signals 
centered at the zero frequency; 

- a second filtering means for the suppression of said quadrature 
1 o signals centered at the zero frequency; 

characterised in that the local oscillator frequency is set 
equal to the carrier frequency plus an offset frequency, said offset 
frequency being equal to the difference between the carrier frequency 
15 and a null frequency, said null frequency centered at a notch of said 
sideband, for centering said notch at the zero frequency of said 
baseband signals through mixing. 

3. A direct conversion receiver according to claim 2, 
20 characterised in that for channel selection said receiver 

further comprises a third filtering means for the suppression of said in- 
phase signals being greater that a set corner frequency; and a fourth 
filtering means for the suppression of said quadrature signals being 
greater that a set comer frequency. 

25 

4. A direct conversion receiver according to claim 2 or 3, 
characterised in that said first filtering means comprises a 
first AC coupling means for producing a notch at the zero frequency of 
said in-phase signal; and said second filtering means comprises a 

30 second AC coupling means for producing a notch at the zero frequency 
of said quadrature signal. 

5. A direct conversion receiver according to any of the claims 2 to 4, 
characterised in that said first and second filtering means 

35 each comprise a high pass filter coupled to the output of a mixer. 
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6. A direct conversion receiver according to any of the claims 2 to 5, 
characterised in that said receiver further comprises a 
processor system for demodulation and processing said in-phase and 
quadrature signals and for controlling said local oscillator frequency. 

5 

7. A GPS direct conversion receiver for processing phase modulated 
radio signals that are centered at a carrier frequency for receiving 
digital information, the phase modulation extending a sideband above 
and below the carrier frequency, the receiver comprising: 

10 

- a means for receiving and splitting said signals, said means 
having a first signal output and a second signal output; 

- a local oscillator means tuned to a local oscillator frequency and 
having a first frequency output and a second frequency output, 

1 5 said second frequency output having a 90° phase shift compared 

with said first output; 

- a first mixer means coupled to said first signal output and first 
frequency output for generating baseband frequency in-phase 
signals; 

20 - a second mixer means coupled to said second signal output and 
second frequency output for generating baseband frequency 
quadrature phase signals; 

- a first filtering means for the suppression of said in-phase signals 
centered at the zero frequency; 

25 - a second filtering means for the suppression of said quadrature 
signals centered at the zero frequency; 

characterised in that the local oscillator frequency is set 
equal to the carrier frequency plus an offset frequency, said offset 
30 frequency being equal to or about the chip rate or a multiple of it for 
centering said local frequency at a notch of said sideband, and for 
centering said notch at the zero frequency of said baseband signals 
through mixing. 

35 8. A GPS direct conversion receiver according to claim 7, 
characterised in that said first filtering means comprises a 
first high pass filtering means for producing a notch at the zero 
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frequency of said irvphase signal; and said second filtering means 
comprises second high pass filtering means for producing a notch at 
the zero frequency of said quadrature signal. 

5 9. A method in a direct conversion receiver for processing modulated 
radio signals that are centered at a carrier frequency, the modulation 
extending a sideband above and below the carrier frequency, the 
method comprising the steps of: 



10 - receiving and splitting said signals into first signal output and 
second signal output; 

- tuning a local oscillator frequency for generating a first frequency 
output and a second frequency output, said second frequency 
output having a phase shift compared with said first output; 

15 - mixing said first signal output and first frequency output for 
generating baseband frequency in-phase signals; 

- mixing said second signal output and second frequency output 
for generating baseband frequency quadrature phase signals; 

- filtering out in-phase signals centered at the zero frequency; and 
20 - filtering out quadrature signals centered at the zero frequency; 

c h a r a c t e M s e d i n that the method further comprises the steps 
of: 

- setting said local oscillator frequency equal to the carrier 
25 frequency plus an offset frequency, said offset frequency being 

equal to the difference between the carrier frequency and a null 
frequency, said null frequency centered at a notch of said 
sideband; and 

- centering said notch at the zero frequency of said baseband 
30 signals through mixing. 



10. A method according to claim 9, characterised in that the 
method further comprises the steps of high pass filtering said in-phase 
signal for producing a notch at the zero frequency of said in-phase 
35 signal; and high pass filtering said quadrature signal for producing a 
notch at the zero frequency of said quadrature signal. 
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Abstract: 

The invention relates to a direct conversion receiver and a method in a 
direct conversion receiver for processing received radio signals that are 
modulated and centered at a carrier frequency, the modulation 

5 extending a sideband above and below the carrier frequency. The 
method comprises the steps of mixing a local oscillator frequency 
signal with said received radio signals for generating baseband 
frequency signals; filtering out generated disturbing direct current (DC) 
components of said baseband signals centered at the zero frequency; 

10 setting said local oscillator frequency signal equal to or about the 
earner frequency plus an offset frequency, said offset frequency being 
equal to the difference between the carrier frequency and a null 
frequency, said null frequency centered at a notch of said sideband; 
and centering said notch at the zero frequency of said baseband 

15 signals through mixing. The invention relates particularly to 
suppression of DC offsets generated in the receivers. 

(Fig. 2) 
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kasiteltavaksi, jos Te neljan kuukauden kuluessa maarapaivasta annatte lausumanne tai ryhdytte 
toimenpiteisiin esitettyjen puutteellisuuksien kor jaamiseksi ja samassa ajassa suoritatte 
vahvistetun uudelleenkasittelymaksun . Jos lausumanne on annettu virastoon oikeassa ajassa, 
mutta esitettyja puutteellisuuksia ei ole siten korjattu, etta hakemus voitaisiin hyvaksya, 
se hyiataan, mikali virastolla ei ole aihetta antaa Teille uutta vaiipaatosta (patenttilain 
16 §) . Uusi keksinn5n selitys, siihen tehdyt lisaykset ja uudet patenttivaatimukset on aina 
jatettava kahtena kappaleena ja taiioin on otettava huomioon patenttiasetuksen 19 §. 

Maksu perustuu kauppa- ja teollisuusministerion antamaan asetukseen 1782/1995 Patentti- ja 
rekisterihallituksen maksullisista suorittelsta muutoksineen . 
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The number and class of the patent application must be mentioned in your letter to the National Board of Patents and Registration 



In US patent 5,850,598, published on 15 December 1998, Sican Gesellschaft fiir Silizium-Anwendungen und 
Cad/Cat, an offset from the signal carrier frequency is set for the frequency of the local oscillator in a direct 
conversion receiver, to avoid a loss of information during removal of the dc component. The frequency offset 
is selected so that it falls within the pass range of the pass filter. 

In international application WO 99/57912, published on 1 1 November 1999, Koninklijke Philips Electronics 
N.V., the removal of the dc component of a direct conversion receiver is enhanced by setting the local 
oscillator frequency slightly different from the frequency of the modulated signal. 

Consequently, claims 1, 2, 7 and 9 should be specified by moving the mention about the difference between 
the local oscillator frequency and the carrier frequency to the introductory part in the claim. 

It seems that the reference numeralsin Fig. 2 are different from the reference numerals in Fig. 6, for the 
amplifier (3 vs 4) and the divider (4 vs 103). 

In the abstract, it should be mentioned that the invention also relates to a GPS receiver (Patent Regulations 
21 §). 

In the claims, the reference numerals, corresponding to the drawings and preferably given in parentheses, are 
missing (Patent Regulations 20 §). 

In other respects, the application is acceptable on the basis of the search that was carried out. 

As to the prior art, reference is also made to US patent 5,029,058, published on 22 February 2000, The Board 
of Trustee of The Leland Stanford Junior University, in which the problem is solved in an alternative way by 
modifying the signal spectrum in such a way that there is only little energy close to the zero frequency. 

The applicant is requested to file, in compliance with Patent Act, Section 8, Paragraph 5, a translation of the 
application filed in English, and, in compliance with Patent Regulations, Section 38 a, Paragraph 3, a 
certificate of the translation, before the application becomes public. 



(signed) 

Examining Engineer Jari Partanen 
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Your response for the remarks is to be filed up to the above mentioned due date. If you have not filed your response at the Patent 
Office by the above mentioned due date or taken measures to correct the deficiences expressed in this Official Action, the application 
is deemed to be withdrawn (Patent Act, 15 §). An application that is deemed to be withdrawn will be accepted under revival if you 
within four months from the due date file your response or take measures to correct the expressed defects and, within the same term, 
pay the confirmed fee for revival of the application. If your response is filed at the Patent Office in due time, but the expressed defects 
are not corrected in a manner that the application could be accepted, it is rejected, unless the Patent Office has a cause to give you a 
new Official Action (Patent Act, 16 §). A new specification, corrections made thereto, and new claims are always to be filed in 
duplicate and thus Art. 19 of the Patent Act has to be taken into account. 

The fee is based on the Statute 1782/1995, with amendments, on the services payable to the National Board of Patents and 
Registration, issued by the Ministry of Trade and Industry. 
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